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Assignment of semester work to complete the course:

1 Assignment
Design of technological process of weldment production
1) Design the welded product (weldment)
2) Mark the welds on the drawing according to the ČSN EN 22553 standard
3) Design the material from which the weldment will be made - justify why you used the material (mechanical properties of the material, etc.)
4) Determine its suitability for welding - weldability
5) Select the welding method and design the technological process of production - WPS (drawing of the welded joint, method, welding parameters, shielding gases, welding position)
6) Design tests to determine whether the welds meet the quality (WPQR).
7) Determine the qualifications of the welder who will be able to produce the weld according to ISO 9606-1 depending on the welding position.
8) Evaluate the economic aspect of the used production technology.

A sample of the work is attached as an appendix. 







MODEL OF SEMESTER WORK
 
Construction design of the welded product 

The chosen weldment for the semester work is a portable ladder. Only one type of weld will be used per weldment, namely the fillet weld. The side profiles are rectangular in cross-section and the steps are square in cross-section. All profiles have the same wall thickness, 1.5 mm. The construction design of the weldment is attached in the form of a drawing of the assembly with the BOM. Marking of welds is made on the drawing of the weldment assembly according to the Czech Standard ČSN EN 22553. 

Material design 

The weldment will be made of one material, aluminium EN AW 6005A. It is an AlSiMg alloy with guaranteed weldability. This alloy was chosen over steel or other materials due to its guaranteed weldability, corrosion resistance and low density. Its chemical composition is recorded in Table 1 and its mechanical properties in Table 2. EN AW 6005A alloy is often used in the manufacture of portable ladders, has sufficient mechanical properties for this use, guaranteed weldability and low cost.
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4. Welding method and WPS 
The TIG method was chosen for welding - arc welding with a non-melting electrode in a protective atmosphere of an inert gas, most often argon, helium or their mixtures. The arc burns between the base material and the non-melting electrode. Non-melting electrodes are made of tungsten to withstand high thermal loads. In addition to pure tungsten, tungsten alloyed with selected elements, especially thorium, cerium or zirconium, is used. TIG welding is especially suitable for welding smaller wall thicknesses (about 1 to 6 mm). The welds are very neat and require almost no machining. Special care must be taken with electrodes that are fragile and easy to break [2].
The WPS protocol is available in the appendix.

5. Tests 

Weld defects are divided into surface defects and internal defects. According to the Czech standard ČSN ISO 6520-1, defects are divided into cracks, cavities, inclusions, cold joints and defects in shape and size. Weld tests can be destructive and non-destructive. In our case, we will only perform non-destructive tests. 

5.1. Visual 
The visual test is done first. It is performed with the eye or optical devices. It detects surface defects in the weld. Before starting, the material must be cleaned and free of surrounding impurities; good lighting is necessary. During this test, the external dimensions of the weld are often checked. A visual test should be performed after each partial part of the welding process [3]. 

5.2. Capillary 
The capillary test comes second. It can detect surface defects. Wettability and capillarity are used. A perfectly clean surface is required. A test penetrant is applied to the surface; if defects occur on the surface of the material, the penetrant flows into these. The material is then washed (with a water jet). Finally, the developer is applied. This substance, in contact with the penetrant, highlights places with surface defects, such as cracks on the surface [3]. 

5.3. Ultrasound 
The most common method is the reflection (pulse) method. It is versatile and provides information regarding defects, material structure and dimensions. The principle of the method consists in transmitting a short ultrasonic pulse which is reflected from all interfaces (defects and surfaces), and returns to the probe; the time course is displayed on the screen. The generator thus excites an ultrasonic probe which transmits/receives ultrasonic pulses and is acoustically linked to the test environment. The method gives information about the distance of the reflecting surface according to the delay with which the reflected pulse (echo) returns to the probe, and about the size of the reflecting surface according to the height of the echo [3]. 

6. Welders’ qualifications 
Only one qualification is required to make this weldment: ISO 9606-1 141 P BW S t1.5 PA sl. This means a welder's test by the 141-TIG solid wire method; single-layer fillet weld on a 1.5 mm-thick metal sheet in position PB [4]. 


7. Financial evaluation 
Due to the low number of produced ladders, welding is the most advantageous way to produce them. The whole ladder is made of the same material, all profiles have the same wall thickness, and the only preparation of the profiles consists in cutting them to the required length.
A possible alternative to the method of ladder production in this work is direct riveting of steps into the side profiles. This method would require machining to create square holes for riveting the steps.






WPS number TTSS-01-000
Designing the welding procedure with electric arc WPS (ČSN EN ISO 15609-1)
Place:                                                           Testing organization:
Producer’s welding method:                   	Method of cleaning and preparation: degreasing, sharpening:
                                                                      Specification of the basic material:  AW 6005A
Producer:
Welding method: 141 (TIG) – manual      
Type of weldment: fillet weld                  Welding thickness (mm): 1,5 mm
Data regarding the preparation of the welding surfaces:            Outer diameter (mm):
 -------------------------                                                                              
(drawing*):                                                                                           Welding position: PB

              Shape of the join                                                               Welding procedure
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Welding parameters
	Weld bead
	1
	
	
	
	
	

	Welding method
	141
	
	
	
	
	

	Diameter of accessory wire

	2 mm
	
	
	
	
	

	Welding current
	190-250A
	
	
	
	
	

	[bookmark: _GoBack]Welding voltage
	25-30V
	
	
	
	
	

	Type of power/polarity
	AC
	
	
	
	
	

	Wire feeding rate
	300 mm/min
	
	
	
	
	

	Travel feed rate
	-
	
	
	
	
	

	Heat input

	0,37-048 kJ/mm
	
	
	
	
	




Accessory material – classification and mark: OK TIGROD 18.04
Prescription for drying:
Protection gas/flux                                                                      Other information:
Protection gas – Argon (Ar), 6-8 l/min                        Swing (max. width of the bead):
 Root protection                                                               Swing: Amplitude
Wolfram electrodes, type/diameter:                                                    Frequency
Data about grooving/root lining:                                                            Delay time
                                              
Pre-heating temperature: 150-200 °C                                  Data for impulse welding:
Interpass temperature: 150 °C                                               Data for plasma welding:
Heat processing and/or ageing:                                             Burner setting angle:
Time, temperature, procedure:
Heating and cooling rates:

Producer:                                                                                  Testing body or organization:
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Tabulka 1 - Chemick? soZeni EN AW 60054 [1]

Mez Kluzu_| Mez pevnosti | Tvrdost | Taznost
ENAW | 215MPa | 255MPa | 80HB | 8%
60054

Tabulka 2 - Mechanické viastnosti EN AW 60054 11
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